Purpose: In terms of freight transportation it is essential to pick the most convenient mode(s) of transport (MOT). To get a more flexible system, one can assume that the number of transport options at each hub should be maximized. Therefore, it is investigated how a new hub concept comprising four MOT, a so-called "quattromodal freight hub", can be implemented in the existing transport system from a traffic planning, technological and organizational point of view. Methods: The research incorporates screening existing literature and best practices, conducting stakeholder interviews as well as performing site visits at the best practice areas Hamburg (Germany) and Constanta (Romania). Furthermore, the implementation perspective for a quattromodal freight hub in the city of Vienna (Austria) is examined. Results: The research revealed the strengths, weaknesses, opportunities and threats of the concept from a theoretical and practical perspective. Four options to create a quattromodal freight hub in the city of Vienna could be identified taking the effects on the overall transport system capacity, arising costs and the legal framework into account. Conclusions: Cost and efficiency related decision criteria are decisive for the implementation of a quattromodal freight hub. An implementation in the city of Vienna is attractive in terms of prestige and unique selling proposition for the region but at the same time requires further research in terms of legal aspects and impacts on the region.
Introduction
In December 2008, the European Commission (EC) agreed upon a package of directives and targets for climate protection and energy ("20-20-20 targets"). One of the targets for the year 2020 addresses the reduction of greenhouse gas emissions by 20% compared to the year 2005 [1] . Other important steps in this direction were the Paris Agreement in 2015 [2] and the Katowice Climate Package 2018 [3] as a global agreement implementing the Paris Agreement. Since the transport sector is a key factor for the achievement of these objectives, the EC has set the objective to shift 50% of transports in the European Union over 300 km to environmentally friendly transports (such as rail and inland navigation) by 2050 to reduce CO 2 emissions and further negative impacts on the environment [4] .
In alignment with these goals the concept of the Physical Internet (PI) [5] emerged in the logistics sector. Here, the main idea is to enhance efficiency by vertical and especially horizontal collaboration and cooperation among all stakeholders and competitors along the supply chain. However, to be more responsive to user requests the PI idea contains also strategies related to (intermediate) warehouse placements [6] . One of the initiatives within the PI is the transition of the current (partly intermodal freight) transportation network towards a synchromodal transportation network [7] as outlined in the ALICE roadmaps towards the PI [8] . Synchromodality, also referred to as Transport-as-a-Service in some contexts, is the continued development of intermodal and multimodal transport systems, whereby the actors along the transport chain cooperate and goods can switch in real-time between the modes of transport (MOT) in the most flexible way adapted to the respective resources [9] . Only the most basic transport requirements, such as costs, duration or sustainability requirements are defined by the consignor in advance to optimize transport and utilize existing resources best possible [7] . Hence, synchromodality refers to a transport concept which aims at shifting traffic from road to environmentally friendly MOT, such as rail and navigation while keeping flexibility of road transports.
Relevant publications on multimodality in freight transport such as the "Green Paper on Sustainable Logistics" [10] and the "Green Paper on Sustainable Logistics in Urban Areas" [11] focus on offering more than one MOT for freight transport at a location but are nonetheless currently limited to bi-or trimodal transport incorporating road, rail and/or inland navigation only. However, air cargo is dealt with in terms of the Trans-European Airport network but apart from that left out in most papers on multimodal transportation. To be able to pick the most convenient MOT, variety at a transshipment point is a crucial factor.
As passenger numbers tend to increase and are expected to reach 7 billion persons by the year 2034 according to the International Air Transport Association [12] , air traffic is going to expand which offers capacity for transport of goods. The air industry agreed on targets to reduce environmental damage [12] . Therefore, air cargo is expected to be more environmentally friendly in the future and hence more competitive compared with other MOT. As a further logical step, an integration of air cargo in the existing hub structure would be desirable. Taking traffic planning as well as organizational and technological matters into account is one step in the process. The main research question is therefore: "Is it possible to create something bigger, like a quattromodal freight hub, out of an existing infrastructure?"
Quattromodal transport offering four different MOT is rarely discussed even though some studies [13, 14] already deal with possible models and effects of a regional and/or organizational linkage of several MOT taking into account air cargo and giving practical examples. Furthermore, there are hardly any hubs which are characterized by an integration of air cargo into freight transport and already integrated in an optimal manner in the freight network in terms of transport technology and/or organization. The technical and/or organizational integration of air cargo in the freight transport network is currently taking place at the largest airports in Europe. Only a few European cities (e.g. Hamburg) are a quattromodal transport provider for freight transport so far.
Since the concept of quattromodality is only slightly targeted by research, an exhaustive literature review only revealed partially useful definitions mainly pointing out the opportunity to use different MOT at a location and to link them together [15] . For this research, quattromodal hubs were therefore defined as "logistics pivots where the four MOT road, rail, waterways and air cargo come together" [16] . Pipelines as transport mode as well as the distinctions between inland and maritime navigation and regular and broad gauge suggested by Kummer [15] are deliberately left out to make the definition more readable and easier to comprehend for non-specialists [17] .
Due to areal constraints (limited space), the potential of such a quattromodal freight hub offering four different MOT has to be assessed in a regional context. Beyond that, its practical relevance for freight transportation has to be investigated to reveal ecological, economic and social effects deriving from a new hub concept and to legitimate additional costs that might derive from it. Therefore, the question "How to establish a quattromodal freight hub in a region with potential?" should be addressed.
Details on the methodology are given in Chapter 2. Information on the site visit locations and key findings from the expert interviews can be found in Chapter 3. Chapter 4 examines the implementation perspective for a quattromodal freight hub in City of Vienna (Austria) and deals with the impact on the overall transport network. Chapter 5 outlines the conclusions and the discussion of the findings and further research needed.
Methodology
The concept of quattromodality is not only in an early development stage from a theoretical point of view, but also from a practical one. Because of the lacking practical implementation, there are no reliable empirical values, figures and facts available for existing approaches. To generate knowledge on potential offered by quattromodality for the City of Vienna, our research focused on knowledge carriers as well as best practice hubs.
The research revolving around the two main questions "Is it possible to create something bigger out of an existing infrastructure?" and "How to establish a quattromodal freight hub in a region with potential?" therefore concentrated on In terms of site visits, Hamburg, Liège and Constanta were identified as especially interesting not only due to their importance for freight logistics but also due to the range of freight related organizations located there (cf. Table 1 ). Since scheduling stakeholders for an interview failed for Liège, the site visits were performed in Hamburg and Constanta.
Employees from 23 organizations participated in the interviews (see Table 2 ) which were conducted between December 2015 and May 2016. Except for three interviews via phone, all interviews were face-to-face interviews. Nine interviews were conducted during site visits to Hamburg and Constanta based on an interview guideline (see Additional file 2), all other interviews were performed in Austria based on guiding questions (see Additional file 1).
The insights on the practical implementation from best practices site visits and the expert point of view on the potential arising from quattromodality not only resulted in a SWOT analysis which is explained in detail in [18] but also in a conceptualization of the implementation of a quattromodal freight hub for the City of Vienna. This conceptualization not only included practicability, technical aspects and costs but also the effect on the overall transport system.
Site visits and expert interviews
In this section, details on the site visit locations and results of the expert interviews in Hamburg, Constanta and Austria are given. A more detailed representation of the interview results can be found in [18] .
Hamburg site visit
The city of Hamburg in Germany has an area of 755.1 sq. km [19] and around 1.83 mio. Inhabitants in 2018 [20] . In the metropolitan region of Hamburg, the logistics sector directly or indirectly accounted for around 250,000 jobs in 2010 [21] .
Hamburg offers road, rail, navigation, aviation and pipeline. The airport occupies an area of 5.7 sq. km [19] and had 17.6 mio. Passengers and 74,948 tons air freight in 2017 [22] . Nevertheless, the port is decisive for the handling of goods. Road freight transport benefits enormously from the volume of shipping transported. According to the industry portrait "Freight traffic in Hamburg" (2010) only about a third of the containers handled in the port of Hamburg had their destination or origin in the metropolitan region [21] . Around half of the containerized goods were either processed there or were destined for further transport via distribution centers. Due to the comparatively short distances 80% to Cuxhaven x x x x x "Cuxhaven Sea-Airport" marketing name but not multimodal.
Barcelona x x x x x Road, port and airport but no rail connection.
90% of these collection and delivery journeys were handled via trucks [21] . Hamburg port stretches on an area of 72 sq. km [19] . Measured by container turnover, Hamburg port is the third largest port in Europe in 2017 with 8.82 mio. TEU [23] . The seaborne cargo handling at that time was 136.5 mio. Tons mainly concentrating on container (90.3 mio. tons) and grab cargo (23.5 mio. tons), followed by liquid cargo (13.7 mio. tons), agribulk (7.5 mio. tons) and break bulk (1.4 mio. tons) [23] . The modal split in container traffic was 56.6% truck, 41.4% rail and 2% barge. The port railway is the link between the transshipment terminals of the container ships and the European rail network with 46 tons cargo handling a year.
Constanta site visit
Constanta is located in south-east Romania and has a size of 58 sq. km with a population of around 300,000 inhabitants [24] . It is the only Romanian city served by road, rail, sea, river and air, and therefore among the most important cities of Romania due to its economic importance and activities in logistics [25] . At the same time, not all of these MOT are interconnected and therefore intermodality/multimodality is limited.
Constanta has the biggest port on the Black Sea which is one of the major European ports [25] . 413,253 containers and 670,536 TEUs were handled in 2017 [26] . The port offers access to the European railway network from every terminal through a 300 km railway system [26] . In 2017, a Memorandum of Cooperation with Romanian state rail cargo operator CFR Marfa and the Port of Constanta Authority was signed by the freight forwarder PKP Cargo and the Port of Gdansk Authority. This was done to enhance the logistics services on the railway corridor between the two ports Gdansk (Poland) and Constanta [27] .
The Mihail Kogalniceanu International airport is in 25 km distance from the city and serves as the main airport [25] which is primarily used for passenger transport. The freight terminal was constructed a few years ago and has a capacity of 2500 cubic meters [28] .
Results from expert interviews
To develop a baseline for the case study, the most important interview results are summarized. Certain aspects, pointed out by the experts, are emphasized since they influence a successful linkage of the existing infrastructure. Current shortcomings of the site visit locations are stated to give insights on the implementation potential in these regions.
Spatial, technological and organizational aspects
The stakeholder interviews with experts from Austria and neighboring countries showed that the term "quattromodal hub" is not entirely self-explanatory, i.e. it requires a clear definition.
The spatial proximity of the modes of transport is generally regarded as important, with respondents considering a quattromodal hub to be more spacious and not bundled to one location. In a previous question it was already pointed out that aviation takes up a lot of space and therefore requires spatial expansion. Two interviewees remarked that shipping and aviation are not compatible and therefore do not make sense at one location.
The uneven picture in terms of spatial distance is conclusive based on different perspectives: For logistics service providers, spatial distances are part of the business basis, while spatial bundling tends to bring advantages for infrastructure operators.
Only a few interviewees regard a technical coordination as little or not important. In this context, technological differences between the airport and container terminals as well as the low level of networking between the airport and the outside world are referred to. The other participants regard it as a very important, if not a basic prerequisite. In this context, reference is made to the importance of compatible containers and security aspects.
Two interviewees consider the organizational coordination to be of little importance, the other interviewees consider the organizational coordination to be important or very important. Here it is pointed out that this is in any case closely linked to technological coordination.
Potential assessment and SWOT
More than one interviewee emphasized the feasibility or practical relevance of a quattromodal hub. It was also mentioned that the definition should be as broad as possible. It was further mentioned that unused potentials of trimodal hubs should serve as a starting point and different regional understanding (thus also the role of pipelines) should be considered.
Regarding the SWOT (strengths, weaknesses, opportunities and threats) arising from a quattromodal freight hub, various aspects were mentioned by the experts. The technological differences between the airport and container terminals, carrier incompatibility, safety and IT aspects were mentioned as hindering factors at current freight hubs due to the lack in standardization. In case of the IT related aspects, the concerns were later on overcome by an expert in the data communication domain. Furthermore, the low level of transport network integration of airports was detected as a problem. The potential resistance of the population or residents and conflicts of interest between different stakeholders were pointed out as main weaknesses of the concept of quattromodality. Even though these concerns exist, more than two thirds of the experts interviewed ascribe a quattromodal freight hub efficiency potential in either ecological or economical regard. Most interview partners agreed with the USP a quattromodal freight hub offers and the potential for easier handling of the most appropriate MOT. A rather neutral attitude was shown towards the spatial proximity. This was reasoned by the low transport costs between MOT that distance is not a relevant factor in terms of connecting air cargo to other transport modes.
Implementation potential for site visits
On closer examination of best practice regions, the experts in Hamburg revealed that the combination of air cargo and navigation is currently used for certain categories of goods such as luxury items, repair parts, (economically) perishable and other time-sensitive goods as well as medicines and drugs pointing out the lack of a shared storage space at the site. Regarding the inclusion of air cargo, the transport volume was stressed as one limiting factor since a combination must be efficient and the cost-benefit-ratio has to support the decision. The interview partners in Constanta were less concerned about the concept itself and more focused on the lacking implementation perspective at the site due to various limitations such as the current military use of the airport. Therefore, they agreed with the value of a quattromodal freight hub as new business concept for the location but revealed that Constanta would not be able to manage such a freight hub soon.
Application for the City of Vienna
In Austria, the transport sector accounts for almost a quarter of greenhouse gas emissions [29] , which can (apart from passenger transport) lead back to its importance as a logistic base. The high logistics competence of Austria is emphasized both by the "International Business Compass 2014" and the Hamburg Institute of International Economics. The World Economic Forum places the location among the top 10 with the quality of rank 6 for roads and rank 12 for railway [30] . For the year 2011, the Austrian motorway network density was 20.5 km per 1000 sq. km (compared to 16.3 km per 1000 sq. km in the EU average) and the Austrian railroad density with 58.3 km per 1000 sq. km (compared to 49.2 km per 1000 sq. km in the EU average) [31] .
Compared to other European countries, the Austrian infrastructure is well developed. This also accounts for the City of Vienna where the port of Vienna functions as a trimodal hub covering rail, road and navigation and at approximately 9.5 km air-line distance the Vienna International Airport operates as a bimodal freight hub covering road and air cargo; not including rail as freight transport option due to a lack of freight rail tracks. Both hubs are located at the western bank of the Danube River with direct access in the case of the port of Vienna and a 3 km air-line distance for the Vienna International Airport, see also Fig. 1 .
To create in quattromodal freight hub in Vienna, the port of Vienna and the Vienna International Airport have to be connected to each other since there are no other locations providing adequate air cargo and inland navigation qualities. This requires a well elaborated connection between these two sites. Considering the geographic location and existing transport system, we identified four different options to connect the Vienna International Airport to the port of Vienna to operate freight transport:
1. Connection via road 2. Connection via rail 3. Connection via circulating cable car and inland navigation 4. Connection via freight-zeppelin
Connection via road
Among all four options, the connection via road between the port of Vienna and the Vienna International Airport is (Fig. 1) . The terminal at the port of Vienna as well as the cargo center at the Vienna International Airport have road access and are therefore well connected via the road network. Since this is an existing transport connection, this solution does not involve additional costs apart from infrastructure maintenance costs in the case of increased traffic volume. However, a barrier of implementation could be the environmental aspect and the associated image for the City of Vienna on the one side and the current traffic levels at this highway section on the other side. To evaluate the connection between the two locations, an estimation of the effects of additional trucks on travel times on this route was assessed (see Chapter 4.5).
Connection via rail
The Vienna International Airport has currently three terminals, an office park, a General Aviation Center/VIP Terminal and an air cargo center. To deal with the growing demand for international air traffic and to maintain the position of Vienna as an attractive and competitive passenger and freight hub within Europe, expansion blueprints for the Vienna International Airport were introduced. The airport management strives for a third runway which will be 3680 m long and 60 m wide and constructed until the year 2025 [32] . As a result of the citizens' participation process in order to achieve minimized noise pollutions, it shall run 2400 m south of the first runway (runway 29/11) and parallel to it which means that the B10 Bruckner Bundesstraße (Bruckner Federal Road) has to be relocated further to the south. Nowadays, no further changes to the existing infrastructure are known to public but the possibility is given due to major improvements. Therefore, we did not take the current location of the cargo center as a limiting factor for the rail concept.
In contrast to the surrounding companies, the Vienna International Airport mainly focusses on passenger transport and is not connected to the rail network via freight rail tracks. The port of Vienna on the other hand has freight rail tracks in use and therefore already enjoys better transportation connections. To connect the airport to the rail network it is necessary to dock on the freight rail tracks of the Petrochemie Danubia northwest of the Vienna International Airport. This not only requires the new installation of a 4 km section but also the relocation of the air cargo center between the current airfield and the planned extension (Fig. 2) .
The existing rail network furthermore does not offer a straight connection between the port of Vienna and the Vienna International Airport. A connection without detours would require using the station Kaiserebersdorf as connection point between the tracks from the port of Vienna and the Vienna International Airport. The second option would be to accept a detour and use the loop via Kledering -Hauptbahnhof (Vienna Central Station) -Meidling -Donaulaendebahn -Kaiserebersdorf (see also Fig. 3 ) which would be the more cost-efficient solution since the installation of a skidway is more expensive than the additional travel time. Besides costs, the detour has the additional advantage that is offers a direct connection to the new freight yard Inzersdorf which went into full operation in the year 2017 and the skidway Kledering offering the routing of wagon groups in the direction of international destinations. Apart from using the rail network most efficiently, the air cargo center has to be designed taking certain requirements into account. Since the freight rail track mark an end at the air cargo center, a terminal station would result. At least three tracks should be envisaged to transform it to a skidway of which two tracks are available for unloading and loading the trains. An essential part of the track system is that the design allows the arriving trains to enter the hall by means of the line locomotive. The line locomotive is consequently separated from the train and can use the loop around the hall to move from one end to the other. This does not require a lot of personnel since only a specially trained person is needed to interlock and perform the brake test.
Connection via circulating cable car and inland navigation
Another alternative to connect the two freight hubs is based on the consideration that the hardly used Danube River is nearby the airport and would provide a direct connection to the port of Vienna without disturbance of the existing transport network. A hindering factor in this regard is the Danube-Auen nature reserve which is located north of the airport. A direct connection via road or tunnel is therefore not possible.
An alternative approach would be to use the air space and therefore a circulating cable car which connects the riverbank to the air cargo center in 1.5 km distance (Fig. 4) . The pillars of the cable car do not lead to dissection of the landscape and do not require much space on such a short distance. As a transshipment area to load the goods on the barge, an area with agricultural use on the Danube River could be considered.
Apart from the already introduced advantages, the cable car can be automated. With a minimum additional staff, it is a very efficient way to transport goods from one place to another [33] . To use a circulating cable car would mean that this infrastructure is only used for freight purposes and that the air cargo center does not have to be relocated. Furthermore, a simple implementation of an automatic reloading of the containers between the cable car and the barge can be arranged.
The main limitation factors to this concept are the arising investment costs for the construction of the cable car as well as the territory of the national park which is affected. It cannot be predicted whether such a connection between airport and river is feasible in terms of environmental law as well as sites to be crossed (owned by railway and/or road operator) and what additional arising costs may accompany it.
Connection via freight-zeppelin
Despite the insolvency of the company Cargolifter in the year 2002, the concept of Zeppelins for transport purposes
is not yet a thing of the past. Cargolux, a freight forwarder from Luxembourg, signed a strategic partnership with the aerospace company Aeros in the year 2015 to test the vertical removal of freight containers or large loads, which has been the main weakness of this means of transport [34] . An unconventional way to connect port and airport would be the introduction of a freight-airship [35, 36] which operates on its own tracks. The line could be for instance guided along the existing infrastructure (Fig. 1 ) using guiding ropes with a length of up to approximately 9.6 km and pillars of 20 m to 30 m height. Since standard solutions are currently not available on the market, the technical configuration can only rely on the solutions from the cable railway sector taking into account the unequal wind impact area of the freight-airship to the conventional gondolas which require to be picked up by special constructions in order to prevent the round rope from being pulled out.
The freight-airship would by far be the least space consuming and the quietest option to connect the port and the airport but there is no existing infrastructure and therefore costs including investment, ground rent and cost of operation arise. Additional requirements of owners of the sites to be crossed (especially the railway operator) should be taken into account since these are very likely to occur. 
Impact on existing road network
As mentioned in Chapter 4.1, the road link is the only existing connection between the airport and the port. To assess the impact of additional truck traffic on the road network, the effect on the travel time was investigated for the section concerned on the A4 Ost Autobahn (East Highway) for each direction. The targeted road segment between the highway junctions "ASt Flughafen Schwechat" and "ASt Simmering" has a length of approximately 11 km. In both directions a two-lane section between "ASt Simmering" and "ASt Schwechat" (link with the highway "S1") and a threelane section between "ASt Schwechat" and "ASt Flughafen Schwechat" is available (Fig. 5) . Thus, the capacity of the two-lane section limits how much additional vehicles can use the entire route.
In terms of methodological approach, Volume Delay Functions (VDF) were used which express the travel time or travel time loss as a function of the traffic volume and therefore require a capacity value of the road traffic system as an input variable [36] .
The fact that the capacitator value decreases with increasing interval duration has been described as a constant, for example, by Keller et al. [37] and Ponzlet [38] . A more recent study explains that the probability of congestion increases with increasing interval duration [39] . The investigation of Keller et al. [37] shows that a fundamental diagram based on 5-min intervals in the area of free and partial traffic represents a fundamental diagram valid for stationary states. However, a linear calculation of the ascertained capacitator value C5 from 5-min intervals to the maximum traffic volume per hour would exceed the capacity, which is why Keller et al. [37] derive a factor for determining the capacity from their empirical investigations. For the calculation of capacity C60 therefore applies:
To measure the influence of heavy traffic on traffic density, the traffic volume is calculated in passenger car units instead of vehicle traffic intensities. Geistefeldt [40] describes the influence of a truck on the occupancy rate of a four-lane section with two to three passenger car units (equivalent f SV for the conversion of the heavy traffic volume in passenger car units with a heavy traffic share of 5-15%). Based on these findings, a factor of f LKW = 2 is assumed.
The speed at free traffic flow v 0 is a constant cross section specific value but must not be equated with the legally permissible speed. In this study, v 0 is assumed to be a 95% quantile of all driven current speeds at the cross section. A representative of the conical VDF is the hyperbolic function according to Akcelik [41] : The capacity was calculated with an Aerde function [42] for all available cross sections in both directions on the highway A4 between the junction "ASt Prater" (km 0.0) and the Airport "ASt Flughafen Schwechat" (roughly at km 12.5) in the period from January to June 2012. Night hours between 8 pm and 6 am were not considered [36] . The results on capacity and parameter of the VDF are clearly dependent on the cross section or the type of the cross section. From the results of the REFEREE project [36] two cross sections of the highway A4 were selected, which had comparable characteristics to the route under consideration.
The following figure (Fig. 6) shows a v-k-diagram of the two-lane cross section "MQ_A04_2_003.200" in the direction of travel to Vienna, Fig. 7 for the three-lane cross section "MQ_A04_1_011.597" in the direction of travel to the Vienna International Airport near the junction "ASt Flughafen Schwechat".
The parameters free speed v 0 , capacity C and delay parameter J D of the two-lane highway section (MQ_A04_2_003.200) were the basis for the calculation of the VDF. As a basic load of the line segment, a typical time series of one working day of the year 2013 was selected on the respective route for one direction of travel (Fig. 8) .
The calculated travel times for various additional loads (+ 100 to + 1000 trucks per hour) show that the considered routes on highway A4 could take up additional journeys of trucks at certain times of the day, but at other times the capacity is significantly exceeded which means an additional travel time up to 10 min per road kilometer (Figs. 9 and 10 ). Especially during 4 pm and 10 pm both routes are already heavily used and can only accommodate a few additional trucks which means less than 300 trucks per hour. The results are rated for the measured values, in particular the hydrographs of the passenger car traffic intensity of the year 2013.
As a result of the travel time extensions determined, the attractiveness for the connection in motorized individual traffic (MIV) is reduced in the section between junction of the highway A4 at "ASt Simmeringer Haide" and "ASt Flughafen Schwechat".
According to a survey commissioned by the Planungsgemeinschaft Ost (planning association east), the relations between the districts of Vienna-region (east), Bruck/Leitha, Neusiedl and Eisenstadt as well as the neighboring countries of Slovakia and Hungary to and from Vienna are affected [43] . The reduction in the demand for transport on these relations which results from increased travel times is estimated with an elasticity approach. Several studies [44] [45] [46] indicate a mean elasticity with respect to the travel time in the MIV with − 0.4 which means that a travel time increase of 10% is estimated to result in a decrease of traffic demand of MIV by 4% for this transport connection. According to the predicted travel times (Figs. 9 and 10 ) on the envisaged sections of the highway A4, some significant declines in MIV traffic could be expected as a result of the increase in truck traffic.
Impact on existing rail network
The presented approach to create a quattromodal freight hub by connecting the port of Vienna and the Airport of Vienna via rail in Chapter 4.2 requires usage of the existing rail network. Therefore, it is limited by the network capacity. To assess the feasibility of such a connection, the underlying assumptions are disclosed in the following section.
The developed scenario is represented by a new freight center situated in the south of the runway 11/34 (eastwest) and the existing railway connection to the airport train station. The freight center will be connected via new railway siding which should have its starting point west of the existing train station "Mannswörth Bahnhof" (Fig. 5) . The length of this single-track connection will be about 4 km. It opens at the freight center to three loading tracks and a bypass track with a dead-end track of about 200 m length to replace the locomotives for the retour journey.
The logistics concept includes the handling of the air freight to containers in the freight center for the transport of these goods to the harbor or for the longdistance transport of complete wagonloads. Regarding to the number of 300 trucks (2 × 20″ or 1 × 40″ container) mentioned in Chapter 4.5 and based on the capacity of a typical container rail freight wagon type "Sgnss" (3 × 20″ containers or 1 × 40″ and 1 × 20″) it is expected that about 13 to14 short trains (300 m) will run in both directions each day. The logistics concept foresees the transfer of the freight wagons to the central shunting yard in "Kledering" to shunt the wagons dedicated to the harbor and to other destinations. This approach has the advantage that the freight wagons can be separated and transferred to the harbor without shunting activities in the small train station of "Wien Kaiserebersdorf".
The current time table of the railway connection between the City of Vienna and the airport shows about 7 to 9 trains in each direction depending to the day time and some freight trains heading to the refinery at Schwechat. The operations capacity of the railway line between station "Mannswörth Bahnhof" and "Wien Kaiserebersdorf" shows enough potential to manage the additional trains in both directions.
Conclusions and outlook
This paper describes the concept of quattromodality from a theoretical and practical point of view, covering not only the definition and details on spatial, technological and organizational aspects as well as arising potentials but also offering implementation concepts for the City of Vienna.
To investigate the mentioned aspects of quattromodal freight hubs designating "logistic pivots where the four MOT road, rail, waterways and air cargo come together" [16] . stakeholder interviews and site visits were performed. In many discussions, it was often mentioned that the combination of air cargo and inland navigation is not meaningful. However, the main advantage of a quattromodal freight hub is not the ability to transship directly from plan to vessel (although this is also done for specific freight groups as outlined by the interviewees during the Hamburg site visit) but the savings potential due to synergies. E.g., instead of having to implement customs treatment at two locations, one combined treatment can be employed. To get one step further than assessing the concept itself and the current situation at two important logistic hubs, the spatial implementation for the City of Vienna was analyzed.
The investigation of quattromodal freight hubs has revealed the strengths and opportunities offered by combining four different MOT but also the weaknesses and risks that should be envisaged before implementing. The experts' opinions unfold cost and efficiency related decision criteria as most important and (not surprisingly) do not focus on environmental aspects too much. Apart from that, it is agreed with the positive aspect on the prestige of a region and hence on the USP of a site. This would indeed be beneficial for the City of Vienna which is already an important hub within Europe and could strengthen its position by offering this flexible and cost-efficient approach of selecting the most appropriate MOT out of the four offered ones. A further investigation of an implementation in the City of Vienna revealed four different options to connect the port of Vienna (trimodal hub) with the Vienna International Airport (bimodal hub). Each of them offers certain advantages but also leads to challenges since the implementation does not happen on a brownfield but within a well elaborated transport network and a city structure characterized by high building density as well as strong legal regulations.
This also indicates the shortcoming in the research when it comes to legal aspects of an implementation of new infrastructure elements in the existing network. While the effect of a connection on the existing transport network was assessed, the legal implications could only be noted and not be solved on a theoretical basis so far. Since land holding might be involved and these legal questions cannot be answered generally.
Another factor that might be worth considering is the effect on the region by offering faster transport channels. More efficiency in freight transport does offer potential for additional loads and most probably connects the region much stronger. Although technological developments are already taking place and the already mentioned concepts emerge as promising alternatives (e.g. high-speed transport and efficient maritime links), its effect on network quality and thus on the flows of goods and persons and the affected regions (fusion of agglomerations) is currently not a major concern at the European level. 
